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Priority Claim 

[0001] This application claims priority under 35 U.S.C. 119(e) to U.S. Provisional Patent 
Application No. 60/453,528, filed March 11, 2003, entitled "OPTICAL PICK-UP UNITS AND 
LASER DRIVERS WITH INCREASED FUNCTIONALITY," and to U.S. Provisional Patent 
AppHcation No. 60/454,211, filed March 12, 2003, entitled "OPTICAL PICK-UP UNITS AND 
LASER DRIVERS WITH INCREASED FUNCTIONALITY," each of which is incorporated 
herein by reference. 

Field of the Invention 

[0002] The present invention relates to optical pick-up units and laser drivers, which can be used 
in various types of information recording/reproducing apparatuses, such as, but not limited to, 
DVD and CD drives, DVD camcorders, and DVD video recorders. 

Background 

[0003] Laser drivers are used to drive laser diodes within various types of information 
recording/reproducing apparatuses, such as DVD and CD drives, DVD camcorders, and DVD 
video recorders. Typically, a laser driver provides a current to a laser diode, causing the laser 
diode to output a light signal. The light signal is appropriately focused by an optical system 
(e.g., including lenses, prisms and splitters) before the light signal irradiates an optical media 
disk. The magnitude of the current provided by the laser driver (which controls the output power 
of the laser diode) may vary depending on whether the laser diode is being used to read data 
from or write data to the media. Further, the magnitude of the current may also depend on 
specific disc media, DVD or CD standards, and/or the speed at which data is being read or 
written. 
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[0004] Environmental variations (such as temperature variations) and aging of the laser diode 
may affect the characteristics (e.g., threshold current and slope efficiency) of the laser diode. 
Accordingly, there is a need to accurately control the power of a laser diode to compensate for 
changes in the laser diode's characteristics. 

[0005] Conventionally, a laser driver is located on an optical pickup, which is connected to a 
main circuit board through a flex cable that allows for analog communications between the main 
circuit board and the laser driver. Typically, a chip that performs Automatic Power Control 
(APC) and Running Optical Power Control (ROPC) is located on the main circuit board. 
Accordingly, the chip including the APC and ROPC typically must send and receive serial 
signals over the flex cable in order to communicate with and control the laser driver. When 
such signals must travel the relatively long distance up and down the flex cable, these signals 
often pick up noise or distortion prior to reaching their destination. It would be beneficial to 
improve on the convention systems in order to overcome some, and preferably all, of the above 
mentioned disadvantages. 

Summary of the Invention 

[0006] Embodiments of the present invention relate to laser drivers and other related circuitry 
and functions. In accordance with an embodiment of the present invention, a laser driver 
integrated circuit (LDIC), which drives one or more laser diodes, includes an automatic power 
controller (APC), a running optical power controller (ROPC), and a write strategy generator 
(WSG), The automatic power controller (APC) controls an output of the laser diode to 
compensate for changes in characteristics of the laser diode. The running optical power 
controller (ROPC) controls the output of the laser diode to compensate for variations in the 
optical media. The write strategy generator (WS generator) implements an appropriate write 
strategy. The LDIC is adapted to be located on an optical pick-up unit (OPU), which 
communicates via a flex cable with a main board. In accordance with an embodiment of the 
present invention, the APC and ROPC each include there own dedicated offset, gain and sample 
and hold circuitry, thereby reducing an amount of analog signals to be sent over a flex cable 
between the OPU and a main board. 

[0007] The LDIC can be part of a chip-set, which is adapted to be located on an optical pick-up 
unit (OPU) that can communicate with components on a main board over a flex cable. In 
accordance with an embodiment of the present invention, the chip-set also includes a power 
monitor integrated circuit (PMIC) to monitor the laser diode, and a photo-detector integrated 
circuit (PDIC) to detect light produced by the laser diode after the light has been reflected fi"om 
an optical media. In accordance with an embodiment of the present invention, the PMIC and the 
PDIC each include their own dedicated offset, gain and sample-and-hold circuitry. 
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[0008] Further embodiments, and the features, aspects, and advantages of the present invention 
will become more apparent from the detailed description set forth below, the drawings and the 
claims 

Brief Description of Drawing 

[0009] FIG. 1 shows portions of an information recording/reproducing apparatus, according to 
an embodiment of the present invention. 

[0010] FIG. 2 shows portions of an information recording/reproducing apparatus, according to 
another embodiment of the present invention. 

Detailed Description 

[0011] FIG. 1 shows portions of an information recording/reproducing apparatus, according to 
an embodiment of the present invention, including a main circuit board 102, a flex cable 104 and 
an optical pick-up unit (OPU) 106. The main board 102 includes a controller 108 and an analog 
front end (AFE) 1 10. The OPU 106 includes a laser driver integrated chip (LDIC) 1 12, a power 
monitor integrated chip (PMIC) 1 14 and a photo-detector integrated chip (PDIC) 1 16. 
[0012] The LDIC 112 controls the current to laser diodes 130 and 132, causing one of the laser 
diodes 130 or 132 to output a light signal that, after being appropriately focused by an optical 
system (not shown), is incident on an a optical media disk (not shown). The magnitude of the 
current provided by the LDIC 112 (which controls the output power of the laser diode 130 or 
132) can vary depending on whether the laser diode is being used to read data from or write data 
to the media. Further, the magnitude of the current may also depend on specific disc media, 
DVD or CD standards, and/or the speed at which data is being read or written. 
[0013] Conventionally, power control is performed at the main board, requiring high bandwidth 
monitoring and information signals to be sent from an optical pick-up unit up the flex to the main 
board before power control processing can take place. While being sent up the flex, these signals 
are subject to corruption. In accordance with an embodiment of the present invention, the LDIC 
112 includes an automatic power control (APC) portion 120, a running optical power control 
(ROPC) portion 122 and a write strategy generator 124. Thus, there is no need for high 
bandwidth signals to be sent over the flex 104 before power control processing can occur. 
Rather, as discussed in more detail below, the monitoring and information signals are produced 
and processed (at least for power control) on the OPU 106, thereby relaxing the requirements of 
communications over the flex 104. 

[0014] The LDIC 112 is shown as being capable of driving two different laser diodes 130 and 
132. For example, one of the laser diodes outputs a wavelength of about 780 nm, which used in 
CD technology, and the other laser diode outputs a wavelength of about 655 nm, which is used in 
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DVD technology. Accordingly, LDIC 112 can be used in CD and/or DVD type devices. Of 
course, a single laser diode can be used, if the LDIC is only going to be used with one type of 
technology. Another exemplary wavelength output by one of laser diodes 130 and 132 is blue- 
violet light having a wavelength of about 405 nm, which is used with Blu-ray technology. The 
LDIC 112 can also be possible of driving more than two laser diodes. For example, the LDIC 
112 can be capable of driving a first laser diode that outputs a wavelength of 780 nm, a second 
laser diode that outputs a wavelength of 655 nm, and a third laser diode that outputs a 
wavelength of 405 nm. Of course, the laser diodes can output light signals of other wavelengths. 
[0015] The write strategy generator 124 implements an appropriate write strategy, which may 
depend, for example, on the media, DVD or CD standards, and/or speed being supported. The 
ROPC 122 uses (e.g., modulates) the APC signals to compensate for variations in the optical 
media. The APC 120 controls the laser diode to compensate for changes in the laser diode's 
characteristics. These portions are discussed in more detail below. 

[0016] A photo-detector 134 detects optical signals output by laser diode 130 or 132 before the 
light signals reach the media, and provides a signal representative of the detected intensity to the 
PMIC 114. In contrast, multiple photo-detectors 136 detect the optical signal that has been 
reflected fi^om the media (e.g., DVD or CD media). An information signal produced by photo- 
detectors 136 includes user data (e.g., to be provided to a host in response to a read request from 
the host), servo information (e.g., used for servo control) and amplitude information. Samples of 
the amplitude of the information signal produced by the PDIC 116 are provided to the ROPC 
122, which adjusts the power signal and current signal in the APC to compensate for variations 
in the media, as discussed below. Samples of the signal produced by the photo-detector 134, in 
contrast, are used by the APC 120 to compensate for environmental variations and aging of the 
laser diodes 130 and 132. 

[0017] Conventionally, the sample-and-hold and loop compensation circuitry associated with 
power monitoring and photo-detection are located on a main board, requiring analog signals to 
be sent up a flex cable before they are amplified and sampled on the main board. The flex cable 
typically distorts these analog signals prior to sampling. As shown in FIG. 1, in accordance with 
an embodiment of the present invention, the PMIC 114 and the PDIC 116, each include their 
own dedicated offset, gain and sample-and-hold (gain/SH) circuits 126 and 128. This enables 
the PMIC 114 to amplify and sample the analog monitoring signal produced by photo-detector 
134. This also enables the PDIC 116 to amplify and sample the analog information signal 
produced by photo-detectors 136. Such amplification and sampling on the OPU 106 increases 
fidelity by enabling much finer and more controlled sampling. Additionally, power consumption 
is reduced because, after sampling, the signals (driven over the flex 104) are relatively slow (it 
takes less power to drive a slow signal than to drive a fast signal). 
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[0018] The samples of the information signal produced by the PDIC 1 16 are sent up the flex 104 
to the AFE 1 10, which performs front end signal processing, such as converting analog data to 
digital data, and controlling focusing and tracking servo loops. The AFE 110 provides a digital 
signal to the controller 108, as shown in FIG. 1. The controller 108 may communicate (directly 
or through one or more interface circuits) with a host computer and a servo controller. 
[0019] Conventional controllers that are located on a main board send current control signals to a 
laser driver located on an optical pickup. In accordance with an embodiment of the present 
invention, the controller 108 sends power control signals (rather than current control signals) up 
the flex 104 to the laser driver 1 12. This is possible, in part, due to the APC 120 and the ROPC 
122 being located within the LDIC 112. When the LDIC 1 12 receives the power control signals, 
the APC and ROPC allow the LDIC 1 12 to determine for itself the required current to drive the 
laser diodes 130 or 132. 

[0020] Conventionally, signals produced by an APC and an ROPC have to travel down a flex, 
where the signals are subject to corruption prior to signal processing. By moving the APC 120 
and ROPC 122 into the LDIC 112 signal corruption is significantly reduced. 
[0021] Environmental variations (such as temperature variations) and aging of the laser diodes 
130 and 132 may affect the characteristics (e.g., slope efficiency) of the laser diodes 130 and 
132. The APC 120 accurately controls the output of the laser diodes 130 and 132 to compensate 
for changes in the laser diode's characteristics. In accordance with an embodiment of the present 
invention, the APC 120 includes its own dedicated offset, gain, sample-and-hold and loop 
compensation circuitry (not shown). 

[0022] The ROPC 122 monitors signals produced by the PDIC 1 16 in order to purposely modify 
the power of laser diodes 130 and/or 132 to compensate for changes/contamination in the media 
(e.g., due to fingerprints and the like). In other words, if the Hght going to the media reflects 
back differently than expected, the ROPC 122 adjusts the power to compensate for the changes 
in the media (rather than keeping the power constant). In accordance with an embodiment of the 
present invention, the ROPC 122 can accomplish this using its own offset, gain, sample-and-hold 
and loop compensation circuitry (not shown). 

[0023] In accordance with an embodiment of the present invention, a write strategy generator 
(i.e., write strategy generator 124) is only located in the pickup head 124, without the need for a 
write strategy generator also being located on the main board 102. A write strategy generator 
has typically been needed on a main board, because sample-and-hold functions typically 
occurred on the main board. Embodiments of the present invention have migrated the sample- 
and-hold functions onto the pick-up head, as discussed above, eliminating the necessity for a 
write strategy generator on the main board 110. 
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[0024] In the embodiment just described, both sample-and-hold circuits as well as write strategy 
generator circuits were all moved from the main board 102 to the OPU 106. While this is 
preferably, it is also possible to move the sample-and-hold circuits onto the pick-up head while 
still having a write strategy generator 224 within the controller 108 on the main board 102, as 
shown in FIG. 2. In such an embodiment, sample-and-hold timing signals would be send down 
the flex 104 from a write strategy generator 224 on the main board to the sample-and-hold 
circuits 126 and 128 of the PMIC 1 14 and PDIC 1 16. 

[0025] Embodiments of the present invention can be used with various types of information 
recording/reproducing apparatuses. Exemplary apparatuses include, but are not limited to, DVD 
and CD drives, DVD camcorders, and DVD video recorders. Embodiments of the present 
invention can also be used for fiber optic applications or optocoupler applications where it is 
important to control the power of emitted light. These are just a few exemplary applications for 
embodiments of the present invention, and are not meant to be limiting. 

[0026] The forgoing description is of the preferred embodiments of the present invention. These 
embodiments have been provided for the purposes of illustration and description, but are not 
intended to be exhaustive or to limit the invention to the precise forms disclosed. Many 
modifications and variations will be apparent to a practitioner skilled in the art. Embodiments 
were chosen and described in order to best describe the principles of the invention and its 
practical application, thereby enabling others skilled in the art to understand the invention. It is 
intended that the scope of the invention be defined by the following claims and their equivalents. 



Attorney Docket No.: ELAN-01 1 10US2 
(SE.1963-EL) 



-6- 



Express Mail Ubel No. EV 327 619 294 US 



